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双排油轴向柱塞泵配流特性理论分析与试验







续变化的通流面积，削弱了卸荷槽几何形状要求。重新设计后的双排油配流结构，以 45 mL 轴向柱塞泵结构为参
考，对配流结构进行了理论分析，建立了双排油轴向柱塞泵仿真模型。以单柱塞腔内压力冲击、输出流量进行分析
研究，得外环压力冲击小，与传统配流结构相比较双排油输出口压力脉动变化率变小，并试制双排油轴向柱塞泵。
对试制泵进行压力脉动测试、容积效率测试和噪声测试，结果表明，与 45 mL 轴向柱塞泵进行对比，压力脉动降低
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Abstract:When providing two-way independent high-pressure high-flow oil sources，hydraulic system
generally adopts two separate piston pumps or coaxial ones in series，causing complex structure and high
cost． Therefore，single piston pump was proposed to achieve two-way high-pressure oil supply． Axial
piston pump was designed with dual discharging inter-outer ring parallel allocation structure by changing
cylinder structure，piston number，cap circuit and valve plate shape． Flow allocation structure was
redesigned due to decreased single ring piston number，increased pressure shock and fluctuation in the
chamber． Ｒelief notch was cancelled in transition region from oil-discharging to oil-absorbing waist slots．
After that，mismatch angle was increased to enlarge closed volume in chamber and reduce the pressure of
unexhausted high-pressure oil in the interval between oil extraction and absorption． In transition region
from oil-absorbing to oil-discharging waist slots，stepped flow area was used to replace original continuous
flow area to weaken geometry requirements of relief notch． The optimized dual discharging flow allocation
structure was conducted with theoretical analysis to establish dual discharging axial piston pump
simulation model based on 45 mL axial piston pump structure． There was small pressure shock in outer
race by analyzing pressure shock and output flow in single piston chamber． Compared with traditional flow
allocation structure，dual discharging oil output had smaller pressure fluctuation rate． Based on this，the
designed dual discharging axial piston pump was piloted． The pilot dual discharging oil pump was
compared with the original 45 mL pump through pressure fluctuation，volumetric efficiency and noise
tests． Ｒesult showed that the former had lower pressure fluctuation (decreased by 30%)and noise level，
while its volumetric efficiency was not smaller than 92% ． In general，the dual discharging axial piston
pump can replace duplex pump to simplify system structure and reduce energy consumption． This new
pump can also be used in closed circuit and differential cylinder hydraulic systems to make the system
simpler and cost-effective．








































Fig． 1 Distribution principle diagram of dual
discharge axial piston pump
1．内环 2．外环
图 2 缸体三维模型
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由式(1)～(4)可得轴向柱塞泵流量不均匀系









Tab． 1 Ｒelationship between flow nonuniformity
coefficient and number of plunger in axial piston pump
z 5 6 7 8 9 10 11




β (V qin － qi － dVd )t (5)
柱塞腔内的流量变化为
Qi = CdA(φ)
2 | pz － pr |

































额定排量 A /mL 22






柱塞死腔 / cm3 8. 5
斜盘最大摆角 /(°) 18
柱塞分布圆半径 /mm 27. 5
控制活塞直径 /mm 22
控制活塞质量 / g 170
斜盘质量 /kg 1. 8
活塞弹簧刚度 /(N·mm －1) 15
图 3 优化前配流盘示意图





















力为 28 MPa，柱塞死腔容积为 5. 8 mL，油液弹性模



















泵由 10 个单柱塞模型组成，在图左边，A 口内环排
油由 5 个单柱塞组成吸油、排油全过程，在内分度圆
上 2 个柱塞腔在分度圆上夹角为 72°，与 B 口外环







直径设置为 1. 4 mm，泵转速设置为 1 500 r /min，截
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图 5 双排油泵仿真模型
Fig． 5 Simulation model of double-outlet pump
图 6 优化前单柱塞压力-流量变化曲线










设置 A、B输出口溢流阀压力为 20 MPa，电动机
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图 7 优化后单柱塞压力-流量变化曲线
Fig． 7 Curves of single piston pressure and flow after optimizing
图 8 优化前双排油口压力脉动变化曲线
Fig． 8 Output pressure pulsation curves of double-outlet pump before optimizing
图 9 优化后双排油口压力脉动变化曲线
Fig． 9 Output pressure pulsation curves of double-outlet pump after optimizing
表 3 压力脉动变化率
Tab． 3 Pressure fluctuation rate %
压力 /MPa
5. 5 13 20
优化前
A 25 27 28
B 26 28 29
优化后
A 12 15 16
B 13 16 18






在验证了模型准确性后，将 45 mL 轴向柱塞泵
安装到试验台上进行试验，其余保持不变，试验原理
和方法一致。2 次试验将电动机转速均设置为
1 500 r /min，将 A、B压力输出回路的溢流阀压力设
图 10 配流盘照片
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图 11 双排油柱塞泵测试原理图
Fig． 11 Principle diagram of dual discharge axial piston pump
致。同一排油输出口随着压力增大脉动增大，压力
脉动变化率随着负载压力变大而减小。其余条件不









Fig． 12 Pressure fluctuation curves of dual discharge axial piston pump
表 4 双排油柱塞泵压力脉动变化率
Tab． 4 Pressure fluctuation rate %
压力 /MPa
5 10 15
轴向柱塞泵 单口 32 21 14
两口高压
A 21 13 9
B 24 18 10
单口高压
A 26 15 12
















0 5 10 15 20
流量 /(L·min －1)
A 31. 2 30. 9 30. 6 30. 4 30. 1
B 31. 4 31. 0 30. 7 30. 4 30. 2
容积效率
A 0. 952 0. 948 0. 940 0. 934 0. 930









结果如表 6 所示。表 7 为 45 mL轴向柱塞泵噪声测
试结果。
表 6 双排油轴向柱塞泵噪声测试结果




0 10 20 28
1 500 76. 5 80. 0 81. 8 82. 7
900 72. 1 76. 1 79. 4 80. 1
600 68. 2 75. 0 78. 6 79. 2
表 7 45 mL泵噪声测试结果
Tab． 7 Pump noise test result dB
n /(r·min －1)
溢流阀压力 /MPa
0 10 20 28
1 500 76. 9 80. 8 82. 0 82. 7
900 72. 8 78. 9 80. 4 81. 1
600 68. 9 77. 8 79. 2 79. 8
为了进一步分析泵噪声，对电动机、管路及其环
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境噪声进行评估。在现场测试中，环境噪声和液压
管路产生的噪声可以忽略，产生较高的噪声主要来
源于泵和电动机。在 0 ～ 28 MPa 过程中，充分考虑













1 500 14. 3 28. 6 40. 0
900 11. 5 23. 0 32. 0
600 5. 7 11. 4 16. 0
表 9 电动机噪声
Tab． 9 Motor noise dB
n /(r·min －1)
溢流阀压力 /MPa
0 10 20 28
1 500 67 76 77 80
900 65 73 74 76








比 45 mL 轴向柱塞泵压力脉动降低30%，工作压力在
20 MPa 下，容积效率不低于 0. 92;转速为 1 500 r /min，
负载压力为 28 MPa下，噪声为82. 7 dB，满足使用要求。
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